
RESEARCH MEMORANDUM 

"""" """- ""_ """"_ 

NATIONAL ADVISORY COMMITTEE 
. .U 
. -  

FOR AERONAUTiCS 



L f 

NATIONAL ADVISORY COMMITTEZ FOR AEROMAUTICS 

INVESTIGATION OF TEE LOW-SPEED AERODYNAMIC CRARACTERISTICS 

OF A VARIABIX-SWEEP AIRPLANE MODEL WITH 

A TWISTED AND CAMaFIiED WING 

By William B. Kemp, Jr., Robert E. Becht, 
and Albert G. Few, Jr . 

SUMMARY 

An investigation w a s  conducted t o  determine the low-speed  aerodynamic 
characterist ics of a variable-sweep  airplane model w i t h  a twisted and 

at a Mach rider 1.10 and a lift coefficient of  0.25 a t  Yo sweep. A 
comparison was made with the data. obtained on the same model w i t h  an 
untwisted  and uncanibered wing installed with the same incidence of the 
mean aerodynamic chord a t  500 sweep. The ef fec t  of  par t ia l -span  spl i t  
f laps  w a s  also included i n  the investigation. 

r cambered wing. The wing was designed t o  have a uniform  load  distribution 

ti 

The t e s t s ,  .which were made a t  a Reynolds number of 2 X 106, based 
on the mean aerodynamic chord of the 50° swept wing, showed no s igni f i -  ' 

cantly  large changes in   l i f t -curve  slope, rainirmrm drag, or  longitudinal 
s t a b i l i t y  whep a twisted and cambered wing w a s  used on the model i n  place 
of a f lat  one of the same geometric plan form. The model with  the twisted 
and cambered wing had higher (L/D)- va lues .a t  all sweep angles and 

-. higher L/D values above the l i f t -  coefficient corresponding t o  (L/D)-, 
especially a t  low sweep angles. The attdition of twist and camber produced 
a negative  increment in '   the   taf l -off  pitching-moment coefficient a t  zero' 
l i f t .  This  effect, however, w a s  more than counteracted  with  the t a i l  
on by the  increased downwash at the t a i l  w i t h  the  twisted and cambered 
w i n g .  The u.se of t w i s t  and camber appreciably  increased the tai l -off  
C& of the model, especially a t  low sweep angles. Moreover, f laps  

produced as great  an.  increaae in the tai l -off  C h  of the model with 

the.-bwisted and cambered wing as-with the f la t  wing. The saq& general 
trends in l a t e r a l  and direct ional   s tabi l i ty  were obtained  with  either 
wing configuration. * 
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INTRODUCTION 

The use of swept wings having th in   a i r fo i l   sec t ions   o f fe rs  promising 
solut ions  to  some of the aerodynamic  problems encountered i n  high-speed 
f l i gh t .  Although wings of t h i s  type have . l o w  drag a t  zero l i f t ,  obJec- 
tionably  high drag  due t o  l i f t  usually is experienced.  Previous investi- 
gations a t  subsonic and supersonic  speeds have shown that--these l i f t -  
drag chara.cteristTcs  could  be improved by proper-use  of twist and camber 
(references 1 and 2) .  

The  present  paper  contains  the  results,of  an  investigation  to deter- I 

mine the low-speed .longitudinal and lateral s tab i l i ty   charac te r i s t ics  
of a variable-sweep  airplane model having a twisted and  cambered wing 
at four sweep angleswith and without-.trailing-ed@;e  flaps. A comparison 
a l s o  is-made  with  the  data  presented  in  references 3 and 4 f o r  the same 
model but with an  untwisted and uncambered  wing of the same geometric 
plan form: 

SYMBOLS 

The system of axes  edployed,  together  with an indication of the 
positive  forces, moments, and angles, i s  given i n  f igure 1. The aero- 
dynamic force and moment coefficients are based on the  actual wing area 
and span which vary  with sweep angle, but a constant chord, equal t o  
the wing mean aerodynamic chord a t  50° sweep, i s  used for  the  pitching- 
momefit coefficient.  The sFbols  used w e  defined as follows: 

CL lift coefficient . .  (Lift/qS) 

c x .  longitudinal-force  coefficient (X/qS) 

CDO w i n g  prof  ile-drag  coefficient 

C2 rolling-momentxoefficient (L/qSb) 

Cm pitching-moment. coeff ic ient  (M/qS$50) 

Cn yawing-moment -coefficient (N/qSb) 

X . longitudtnal.  force along X-axis (Drag -= -X) , pounds 

" . 
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Y lateral   . force  along Y-axes, pounds 
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force  along Z-axes (Lif t  = ' -Z ) ,  pounds 

ro l l ing  moment about X-axes,  foot-po&de 

pitching moment about Y-axes,. foot-pounds 

L 

M 

N yawing moment about Z-axes, foot-pounds 

effective dynaslic preseure at the tail, pounds per  square  foot - 

effective downwash angle a t   t a i l ,  degreea E 

S wing area, square f e e t  

- 
C wing meah aerodynamic  chord, feet  (based on plan forms shown 

in   , f ig .  2) . .  

w i n g  &an aerodynamic  chord a t  W0. sweep, f ee t  

l o c a l   s t r e m i s e  wing chord, f ee t  

loca l  wing chord  perpendicular t o  quarter-chord line of 
.unswept wing, f e e t .  

wing span, f ee t  .' 

free,stream  velociw,  feet per second 

. .  

C '  

U 

C 

I 

1 

I 
b 

v 
- 1  

aspect   ra t io  (G /s>  

mas s density of slugs per  cubie  foot 

&le of attack of  thrust  llne, degrees 
I 

angle of yaw, degrees I 

'angle of incidence of stabilizer  with  reapect .to thrust l ine,  
degrees 

f lap   def lec t ionmeasyed   in  a  plane  perpendicular t o  hinge 
- line,  degrees 

I 

c - 

Y 

,angle of  sweepback -of quarter-chord  line of -wept wing, 
degrees 

I 
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Y spanwise distance measured perpendicular from plane  of 
symmetry, f ee t  

h distance above chord  plane, f ee t  

d streamwise  distance back of local  w i n g  leading edge, f ee t  

Subscript: 

$ denotes par t ia l   der ivat ive oQa coefficient  with  respect  to 
yaw (example: C Z ~  = aC z/a@) 

APPARATUS AM> PllETHODs 

Description of Model 

. The model used i n  the present  investigation w a s  the same as that 
used in   t he   t e s t s  of references 3 and 4, with  the exception of the wing. 
The wing was replaced by- one that incorporated camber and twist. The 
physical  characterist ics  of-the model are  presente-d i n  figure 2 and 
photographs of the model on the support s t ru t   a r e  given as figure 3. 
Figure 4 shows de ta i l s  of the   spl i t -   f lap.  The.mode1 w a s  constructed of 
wood bonded t o  steel   reinforcing members. 

The wing mean surface was designed by the method of reference 5 t o  
produce a uniform  load distribution a t  a Mach  number of 1.10 and a l if t" 
coefficient of 0.25 a t  50° sweep. The t w i s t  of this  surface was modified . 
inboard  of--the  P3-percent-semispan s t a t i o n   t o  avoid  the  infinite t w i s t  
a t  the  root  indicated by the  theoretical-derivation. The derivation of 
the  actual mean surface used i s  described i n  more de t a i l  in reference 2. 
Plo t s  of the spanwise distribution of maximum camber, location of maximum 
camber, and streamwise t w i s t  angle  are'  presented i n  figures 5 ,  6 ,  and 7, 
respectively. The thickness  distribution measured in.  .planes normal t o  
the 0.25-chord line  of-the--unswept wing was NACA 64(10)A010.3 a t  the 
root  tapering  to NACA 64A008 a t  the t ip .  . 

The wings were pivoted  about  axes  parallel  to the plane of  symmetry 
and normal t o   t h e  mean aerodynamic  chord at-  500 sweep 80 that   the  swept= 
back angle  could be varied  continuously from 20° t o  60'. The wing 
incidence measured i n  8 stfaamwise direction was zero, RS was tha t  of 
the  f la t -wing,   a t   the  mean aerodynamic chord a t  W O  sweep. At a l l  sweep 
angles,  the wing was located so tha t  the quarter chord  of the mean aero- 
dynamic chord f e l l  a t  a fixed  fuselage  station. . The moment reference 
center.was  located a t  t h i s  same fuselage  station. (See fig.   2.)  
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A Jet-engine  duct w a s  simulated 'on the model by use  of  an open tube 
3 '  . having  an  inside diameter e q u d   t o  that of the j e t   e x i t  and  extending 

from the nose to   t he  j e t  exi t .  

TESTS 

F 

The tests were made i n  the Langley 300.14pB 7-'by  10-foot  tunnel a t  
a dynamic pressure  of .34.,15 pounaS per  square  foot which corresponds t o  
a Mach  number of 0.152 and a Reynolds number of 2 X lo6, based on the 
mean aerodynamic chord of the w i n g  a t  500 sweep for  average t e s t  conditions. . .  

During the tests no control was imposed on the  air-flow  quantity 
through the  Jet   duct .  Measurements made i n  previous tes ts   indicated 
that the inlet -veloci ty   ra t io   var ied between 0.78  and  0.86,  the higher 
values  being  observed at low angles of attack. 

- Two types of t e s t s  were employed for  determining the lateral 
characterist ics of the model. The parameters, Cv %*, and C 2  , 

of 00 and 50. The la te ra l   charac te r i s t ics  were also determined from 
tests through a range of yaw angles at cohetant  angle of attack. Flaw 
surveys a tgevera l   angles  of attack were made behind the twisted and 
cambered wo swept-wing configuration  to determine the dynamic pressure 
and effective.downwash a t   t h e  tail. The surveys were made i n  planes 
perpendicular  to'lthe t a i l  mean aerodynamic chord  and  passing  through 
the 0.25-mean-aerodynamic-chord point of the   horizontal   ta i l  and 6 inches 
behind this  point.-  

Jr  
. were determined from tests through the 'angle-of-attack  range at  yaw angles 

CORRECTIONS 

The angle-of-attack, drag, and  pitching-moment results have been 
corrected  for  jet-boundary effects computed on the  basis of unsuept- - 

Qing theory by the method of reference 6 .  Calculations have shown that 
the effects  of sweep on these  corrections  are  negligible. A l l  coefficients 
have been  corrected  for  blocking due to   t he  model and i ts  wake by the 
method of  reference 7. 

Correctiona. far the tare forces and moments produced by the  support 
strut have not  been  applied." It i s  probable, however, that the sFgnif icant 
tare  corrections would be limited t o  small increments in   pi tching moment 
and drag. -. 
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Vert ical  buoyancy on the support strut, tunnel  air-flow misalilie- 
ment, and.the  longitudinal-pressure  gradient have been  accounted fo r  
i n  computation  of the test--data.  

RESULTS AND DISCUSSIOM 

Presentation of Results 

The results of the investigation  are-presented  in the figures 
l is ted below: 

Figure No. 

Longitudinalraerodynamic character is t ics  . . . . . . . . . . . . . .  8 
D r a g  characterist ics . . . . . . . . . . . . . . . . . . . .  9 t o  10 
Lift-drag  ratios . . . . . . . . . . . . . . . . . . . . . . .  l l  t o  12 
Pitching-moment characterist ics . . . . . . . . . . . . . . . . . .  13 

Effect of f laps  . . . . . . . . . . . . . . . . . . . . . . . . . .  16 t o  17 
Dynamic pressure and downwash at  tai; . . . . . . .  ; . . . .  1 4  to 15 

Lateral and direct ional   s tabi l i ty   character is t ics  . . . . . .  18 t o  .19 

I n  order' t o  provide a c.omparison which will. indicate   the  effects  
of camber and t w i s t ,  data from refkrences 3 and b o n  the untwJsted, 
uncambered  wing  model (hereinafter referred t o  as the flat-wing model) 
are included i n  some'of the figuree. A s  was pointed  out-in  the  section . 
on symbols, the aerodynamic coefficients  presented  herein are based on 
the wingarea and epan of the sweep configuration  in  question and on 
the mean aerodynamic  chord of the wing a t  W o  sweep. Thus, the pitching- 
moment coefficients are based on a reference length which is  fixed w i t h  
respec t   to  the fuselage and i s  independent  of sweep angle; whereas a l l  ' 

other  coefficients a r e  of the usual form. 

L i f t  Characteristics 

A comparison of the  ta i l -off  l i f t  curves of figure 8 with those 
presented i n  reference .3 for  the  flat-wing model indicated that no 
significant changes in   l i f t -curve  s lope were produced.by twisting and 
cambering the wing. The  use  of twist and camber, however, reduced the 
angle of attack  corresponding  to  zero,l if t  approximately bo a t  20' sweep 
and approximately 1' at-6Q0 sweep.'  Thfs reduction with increasing sweep 
of the ef fec t  of-twist and camber on the  angle of zero l i f t , - a s  well as 
on other  characterist ics  to be discussed  subsequently, resulted primarily 
from the reduckion w i t h  sweep of the .e f fec t ive  amount of camber (fig. 5 )  
and twist ( f ig .  7) incorporated i n  the w i n g .  ' 
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The summary of maximum l i f t   coeff ic ients   presented  in   f igure 17 
shows that   the  m a i i m u m  l i f t  coefficient of the  flat-wing model increased 
considerably  with  increasing sweep. T h e  e f fec t  of camber and twist  was 
to  increase  the maximtm l i f t   coe f f i c i en t  by an amount which decreased, 
with  increasing sweep. The resulting  values  of maxim lift coefficient 
showed a much smaller  variation  with sweep angle  than  those  Tor  the  flat 
wing. 

Drag Characteristics 

A comparison of the ta i l -of f  drag .polare of the f l a t  wing  and'the 
twisted and canibered wing models i s  presented i n  .figme 9. The. &&g 
a t  zero l i f t  .of the  twiste'd and canbered wing model w a s  slfghtly  higher 
a t   a l l  sweep angles  than  that  obtained  with  the f lat  wing. The magnitude 
of the  drag  difference',' however, decreased with increasing sweep. i 

i 

A t  the lower sweep angles,  large  increases i n  drag  coefficient  with 
increasing l i f t  coefficient were observed o n l y a t  lift coefficients near  i 
the maximum. The addition of  camber and- twtst increased  the . m a x i m u m  

lift coefficient and thus  increased  the l i f t  corresponding t o  a rapid 
increase  in-  drag. At sweep angles of  50° and 60°, tuft observations on 

. the  flat-wing model indicated  that  leading-edge  separation  occurred at 

would be expected t o  delay this separation  to  higher lift coefficients 
by reducing  the magnitude of the  negative  pressure peaks on the  leading 
edge. The resulting  drag-reduction,over a w i d e  range of l i f t   coe f f i c i en t s  
i s  evident In  figures  g(c) and g(d).  

! I  

, -  .. moderate and high l i f t   coeff ic ients .   Incorporat ing camber and twist 

Inasmuch a8 the  benefits of twist and camber r e s u l t   t o  some extent 
f romthei r   e f fec t  on flow separation, it i s  anticipated that these 
benefits would bB dependent on Reynolds number. The evidence  available 
a t  present  (for example, references 8 and 9 )  shows that the  effects of 
twist-and camber may eithe?  increase o r  decrease with increasing Reynolds 
nuniber. Thus, caution  should be exerciqed i n  applying the resu l t s  of 
the  present  investigation t o  fu l l - sca le   f l igh t  condi,tions. 

Figure 10 presents  the wing profile  drag  for bo-th model configurations 
These data were obtained by subtracting  the  theoretical  ,induced  drag fo r  

an assumed e l l i p t i c  spanwise loading and the fuselage-done drag 

! 

i 

. from the t o t a l  experimental  drag of the  wing-fuselage  conibination. NO 
allowance was made f o r  the wing-fuselage  interference  effects. The 
prof i le   drag  coeff ic ient   a t   a l l  sueep  angles of. the  twisted and ckbered 

l i f t   coe f f i c i en t ;  whereas, the  flat-wing  profile a a g  generally  increased 
with lift coefficient from the  zero-lift  value. A similar  behavior i n  

- wing decreased from zero-lif t   value to a minimum at  some intermediate I 

= ! 
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the  profile-drag  variation  with l i f t   coe f f i c i en t  of another  twisted 
and cambered  wing  model was reported i n  reference 1 and i s  usually, 
apparent i n  the  section  characteristics of cambered airfoi l   sect ions.  
The lift coefficient.  corresponding t o  minimum profile  drag  decreased 
with  increasing sweep. The beneficial  effect  of-twist and camber. a t  
the  higher l i f t   coe f f i c i en t s  observed in   f igure 9 is  also  apparent i n  
the  profile-drag  characteristics of figure 10. 

Lift-Drag  Ratio 

The variation ,of (L/D)max with sweep angle  presented in   f igure  11 
indicates  that  the twisted and chbered wing model had: higher  values 
of (L/D),, than.  those  obtained  for  the  flat-wing model a t  a l l  sweep 
angles  investigated. The increases  in (L/D)mx were 2.2, 2.4, 16.3, 
and 14.1 percent-for  the-  configurations-  with 20°, 35O,  30°, and 60' wing 
sweep, respectively. The effect  of twist-and camber on the  vgriation 
of L/D with l i f t   coe f f i c i en t  i s  presented in   f igure  12. A t  200 wing 
sweep, higher  values of-L/D were obtained  for  the-flat-wing  configuration 
than  for. the  twisted and cambered wing conf5guration a t  a l l  l i f t  coeffi- 
cients up to-very  nearly  the lif't coefficient  corresponding t o  (L/D)max. 
Similar  trends were also observed I n  the-350-wing-sweep configuration 
although  the  diffepence i n  the (L/D) values w 8 s  not-so great. Above the 
l i f t  coefficient  corresponding t o  (L/D)mx, the twisted and cambered 
wing  model, especially  with XIo wing  sweep, exhibited much higher L/D 
values t h a n  were -obtained  for  the-  flat--wing model. This improvement"" 
may be at t r ibuted  to   the decreased C D ~  and the  increased C b x  
previously  noted. 

. .  

Pitching-Moment Characteristics 

A comparison of the  tai l-off pitching-rnokent-coefficient curves 
for  both.models  presented in   f igure 13 shows that the  addition of .twist 
and  camber produced essentially no change i n  s ta t ic   longi tudinal   s tabi l i ty  
i n  the low-lift-coefficient  range. For sweep angles of 50° and 60°, as  
the l i f t   coe f f i c i en t  was increased,  an  increase Ln s t ab i l i t y  was observed 
and was followed by a s t ab i l i t y  decrease  near Cb,. T h i s  characterist ic 
i s  typical of  that usually  observed  with  thin,  highly swept wings. The 
e f fec t   o f - twis t  and camber was to   increase  the  l i f t -coeff ic ients   a t  which 
these  s tabi l i ty  changes occurred. 

- .  

Figure 13 also indicates  that.the  twisted and cambered wing model 
produced p'itching-moment coefficients  at   zero l i f t  which were considerably: 
more negative  than "those f o r  t he   f l a t  wing, especially a t  low  sweep angles. 
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The .contribution o f  camber alone  was'estimated f r o m  section data t o  
be -0.060 at 20' sweep,  and -0.033 it 600 sweep. Data presented  in 
reference 3 for  the  fuselage alone indicated  that, at the  &glee of 
attack  corresponding t o  zero l i f t  of the twisted and cambered wing model ,  
the fuselage pitching-moment coefficients were -0.020 at 20° sweep and 
-0.006 at 69O sweep. The wing twlst, which would be expected,to produce 
positive pitching-moment increments, was apparently  not  large enough t o  
counteract  the combined effects  of camber and fuselage  attitude on the 
zero- l i f t  pitching-moment. coefficients. 

Dyhamic Pressure'and Downwash a t  T a i l  

The  ratio of dynamic pressure a t  the t a i l  t o  free-stream dynamic 
pressure  qt/q and the  dowryash.at  the  taFl were calculated from the 
measured  pitchfng-moment characterigtics of  f i gme  8 and are presented 
i n  figures 14.arid 15, respectively.  Re.sults of t e s t s  'of the  fuselage and 
t a i l  combination w e r e  used to  repreeent  the  ' isolated tail characterist ics.  

The data of figure 14 show that unreasonably high values of qt/q 
were obtained  throughout  the sweep range..at  relatively Mgh angles of 
'at tack for the  twisted and cambered wing model. Flaw surveys,  therefore, 
were made in   the   v ic in i ty  of the  horizontal t a i l  with  the'wing a t  

' 50° sweep, -and the results -were integrated  over the tail '   area  as  a check 
on the  calculated  values of qt/q . and downwash. F a e l y  good agreement 
between the  calculated and measured values of qt/q and downwash was 

. obtained'only a t  angles of attack  leas  than 160. The'gscrepancies 
observed a t  higher  -angles of attack &e at t r ibuted  largely t o  the combfned . . 
effects  of t h e   t a i l  sweepback and a ve r t i ca l   g rad ien t   o f -dkwash  
associated  with  the  pattern of flow  separation from the wing a t  high 
angles of  .attack. With the swept tail, a change ih tail incidence 
produced  a ver t ica l   t rans la t ion  of sections of the.tai1,   especially near 
the  t ips.  T h i s  kranelation combined with  a  vertical   gradient of down- 
wash produced a change i n   t a i l  angle of  attack which, i n  the present 

- case,-added t o  the change fn   t a i l   inc idence . .  The resu l t ing   h igh   ta i l  
effectiveness produced the  erroneously . ugh  values- of calculated qt/q 

. .and aownwash angle.. 
_ . .  

. Figure 15 indicate.s. that, the  addition-of twist and caniber had - 
essent ia l ly  no ef fec t  on tbe rate of change of downwaeh with angle o f -  
a t tack  a l thowh  - the  &salute  values- of. downwpsh'-angle were higher  for 
the  twisted and canibered whg  than-for  the  Ylat  wing. .The increase  in 
downwash angle .betaine .smaller with  increasing sweep and  probably resulted 
primarily from the twiist of  the: inboard  paft of the wing. "As shown i n  
f igure   7 , , the  twist-alscz decreased  with-increasing sweep. A coinparison 
of the tai l -on pitching-moment coefficients  of-figure.8  with  those of 

. .  -reference 3 showed, that . .   this  increase -in dowkwash 'angle was large enough , 
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so  that, fo r  a given  tail-incidence,  the  zero-lift- pitching-moment 
coefficients became  more positive  with  the  addition of twist and camber 
although the ta i l -of f  pitching-moment coefficients became  more negative. 

Effect o f F l a p s  

The longitudinal aerodynamic-characteristics'of the twisted and 
cambered  wing  model with a sp l i t   f l ap   def lec ted  500 are presented i n  
figure 16 for sweep angles  of -20°, 35O, and Po. The flap, details of' - 
which we given i n  figure 4, was identical. i n  plan form with  f lap B of 
reference 3.  

t 
0 

I 

A comparison  of figures 8 and 16 indicates .that, & - - a  l i f t  coeffi- 
c ien t  of 0.3 which may be representative  of  the  point at-.which f laps  
would be deflected, only small changes in   s t a t i c   l on$ i tud ina l   s t ab i l i t y  
accompanied 'flap  deflection-. The negative  increment of pitching-moment- 
coefficient-produced by flap  deflection at-- CL = 0.5 reached values  as 
high as 0.080 with the horizontal. tail off .  For the complete model, 
however, the additional downwash behind  the  flap  reduced this increment 
t o  a maximum of 0.02.0. 

/ 

The summary of  tai l-off maximum l i f t -  coefficients  presented i n  
figure 17 indicates that ,  although  appreciable  increases i n  C h  

were produced by t w i s t  and camber, the increment i n  C h  produced 

by the  f laps was essentially  the same fo r  the twisted and cambered wing 
as for  the f l a t  king. The increment i n  C b a x  produced either by flap. 
deflection or by t w i s t  and camber suffered a marked reduction as the 
sweep angle-was  increased. 

I 

Lateral Stabi l i ty   Character is t ics  

Figure 18 presents a comparison of the lateral stabil i ty parameters 
- fo r   t he  twiste-d  and cambered  wing  model and the f l a t  w i n g  model. The 
charac te r i s t ics   in  yaw of the  twisted and cambered  wing  model arre 
presented f n  figure 19. -.Except for  differences.in  absolute  values,  the 
same general  trends in   direct ional   s tabi l i ty   and.effect ive  dihedral  
obtained  on the f la t  wing (see reference 4) were a lso  evidenced on the 
twisted and cambered  wing  model.  The direct ional   insta3i l i ty  observed 
a t  high l i f t  coefficients was at t r ibuted i n  reference 4 t o  mutual inter-  
ference between the wing, fuselage, and t a i l .  Although directional 
i n s t ab i l i t y  occurred a t  a higher l i f t   c o e f f i c i e n t  on the twisted and 
cambered  wing  model, the incremental  difference between the . l i f t  coeffi- 
cient  -for s ta l l  and the l i f t  coefficient. a t  which direct ional   instabi l i ty  
occurred was approximately the same for  both model configurations. 

- 1  

* 
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Significant  increases  in  directional  stabil i ty were observed.on  the 
twisted and cambered  wing model at lowand  negative lift coefficients 
a t  35' and 50° sweep..  Similar  trends were observed in   the  la teral-force 
coefficient  slope and indicated that the Fncreases in   d i rec t iona l  

' s t a b i l i t y  were probably  produced by changes i n  sidewash a t   , t h e   t a i l .  

'Th&effective  dihedral of the twisted and cambered wing was greater 
than t&t of t h e ' f l a t  wing a t  wing sweep angles  except 600.  he 
vaJues of effective  dihedral  obtained from p i t c h   t e s t s   a t  yaw angles 
of 00 and 50 of the twisted and canibered wing model with 500 and 60° sweep 
appeared t Q  be in   e r ro r  and  ?e, therefore,  not  presented. The values 
appearing i n  figures 18(c) and 18(d) for  the  twisted and cambered wing 
were obtained from the yaw t e s t  data of figure 19. 

CONCLUSIONS 

R e s u l t s  of an investigation a t  low speed of the aerodynamic 
characterist ics of a  variable-sweep  airplane model with  a twlsted and 
cambered  wing  compared w i t h  the results obtained for the model with a 
flat wing of the same geometric  plan form indicate the following 
conclusions : - .  

. 1. No significantly  large changes in   l i f t - cu rve  slope, minimum drag, 
o r  longi tudinal   s tabi l i ty  w e r e  observed when a twisted and cambered  wing 
was used on the model i n  place of a f l a t  wing. 

2. The ,model with the twisted and cambered w i n g  had  higher (L/D)- 
-values. a t  all sweep angles and  higher L/D . values above the lift coeff i- 
cient  correspohding  to. (L/D)& especiaU.y a t  l o w  keep  angles. 

3. The addition of twist  and cardber produced a negative  increment 
i n  the tai-l-ofk pitching-moment coefficient  at ,   zero.   l if t .  TU.S e,ffect 
wae more thap  counteracted  with the tail on, however-,  by the increased . 
downwash at the tail with  the  twisted.and c.g&ered wing;. 

.A . .  . 

4; The use of twist  and camber appreciably  increased.  the  .t&il-off 
of the model, especially at low  sweep angles. Moreover, f laps  

* cLmax 
produced as  great  an  increase in the  tai l-off C h  of the model with 
the.   twisted and cambered  wing as w i t h  t h e   f l a t  wing:. . 
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5. The same general  trends i n  l a t e r a l  and d i rec t tona l   s tab i l i ty  
were obtained  with  either wing configuration. P 

Langley Aeronautical-Laboratory 
National Advisory Committee for  Aeronautic8 I 

Langley Field, Va. 
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Figure 1.- System of  axes. Posltive  values  of-forces, moments and 
angle9 are indicated by a r r o w B .  
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(a) Rear . v i e w .  . * v 
L-65810 
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(b) Front view. r - 
Figure 3 .- Views of t e s t  model as mounted in tunnel. 
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Figure 6.- Chordwise locat ion of maximum camber. 
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Figure 7.- Sgsnwiee distributfon of streamwise twist-angle: 
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Lift  cosfficient,G~ 

(a) . A = ZOO. 
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Figure 8.- The longitudinal aerodynamic  characteristics of the twisted * .  

and cambered wing model. & - =  0'. I 
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Figure 8. -. Continued. 
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( C )  A = 50'. 

Figure 8. - Continued. 
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Lift cuefficienf,C4 

(a) A 60°. ,. 

Figure 8.  - Continued. 
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(a)  Concluded. : 

Figure 8.- Concluded. 
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(a). A = 20°. 

Figure 9. - The effect' of tdst and camber o n  the drag  characteristics 
- of the wing-fuselage combination: Sf = oo. 
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o Twisted and Cumbered wing 

El Fhf  wing 
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-. 4 0 . .2 - 4  .6 .8 . /.o 1.2 
. .  L i f t  coefficient ,% 

(b) A = 35'. 

Figure 9.- Continued. 
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(c) A = 500. 

Figure 9.- Continued. 
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(a) A = 60°. 

Figure 9.- Concluded. 
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-(a) AT= 20'. 

Figure 10.- The effect  of t w i s t  and camber on the wing proffle-drag 
characterist ics.  sf' = 0'. 
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Twisfed and Cumbered wing 
" "Flat wing 
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(b) A = 35O.o 

Figure 10. - Continued. 
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Twisted and Cumbered wing 

I 
.024f" 

.-E 0 I '  
0 :2 4 . .6 -8  

. L i f f -  .coefficient, cL 
. . .  . 

( c )  A =850°. 

Figure 10. - Continued . 
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(a) A = 60'. 

Figure 10. - Concluded. - 
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Figure 11.- The effect of  twist and camber on the maximum lift-drag ratios 
of the wing-fuselage combination. 6f = 0‘. - 
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72 - .” “Flut wing ” 
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-4 
:2 0 .2 I .6 .8 1.0 1.2 

L i f  t coefficient, G‘ 

(a) A = zoo. 

Figure 12.- The efzect of-twist and camber on the lift-drag  ratios of the 
’ wing-fuselage combination. 6f = 0’. 
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(b) A = 35O. 

Figure 12'. - Continued. 
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jrwisted and Cambered wing 
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( c )  A = Po. . .  
Figure 12.- Continued. 
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a Twisted and Cumbered wing 
” -Flat wing . 

L i f t  coefficienf,C- 
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(a) A = 63’. 

Figure 12. - Concluded. 
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-4 y 2  0 .2 9 .6 a .8 l.0 A2 
Liff coefficienf, C, 
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Ftgure 13.- The effect  of t w i s t  and caziber-on the tqil-off pitching- 
moment of the t e B t  model. = 0'. 
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Figure 14.- !Fhe effect of twj.st . a n a  camber on the d p m i c  pressure at t h e  
tail of the test mdel. S, = 0 . F 
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Twisted  ahd Cambered wing 
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\ .  

(a) A = 20°. 
I 

Figure 15.- The effect of t w i s t  and caniber on the downwash at t h e  t a i l  of 
the t e s t  model. 6f = Oo. 
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Figure 15.- Continued. 
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(c) A = 50'. 
Figure 15. - Continued. 
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L iff coefficien f ,  CL 

(a) , &= 20°. . -  

Figure 16.- The longitudinal aerodynamic  characteristic8 of the t w i s t e d  
and cambered wing model. 6f = W0.. 
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Figure 16.- Continued. 
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L i f t  coefficienf,CL 

(c) A = go. 

Figure 16.- Continued. 

, - - -  ! 

I 

! 

I 



7G 
. -  

mcA FM L5lK22 49 

I 

Liff coefficienf, C, 

(c) Concluded. 

Figure 16.- Concluded. 
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Figure 17.- The effect  of t w i s t  and camber on the m'aximwn l i f t  coefficient 
f o r  the wing-fuselage combination. 
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Lift coefficienf, GL 

Figure 18.- The effect  of twist and camber on the  lateral etability parameters 
of the’ t e s t  model. 6f = Oo; i t .  = - 8’. ! 
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Figure 18.- Continued. 
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( c )  A = 50 . 0 
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Figure 18.- Continued. 
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(a) A = 60'. 
Figure 18.- Concluded. 
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(a) A = 20'. . .  
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. .  .. Figure 19. - The effect of angle o f '  attack on the aeroaynamic  characteristics . 

. -  * in yaw of the twisted .and canbered w i n g  model. 6f = 0'; it = - 2'. - 
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(a) Concluded. ' 

Figure 19.- Continued. ' 
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Figure. 19. - Continued. , 
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(b) Concluded. 

Figure 19.- Continued. 
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( c )  . A = 30. 

Figure 19. - Continued. 
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(c) Concluded. 

Figure 19.- Continued. 
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Angh of yu w, p, deg 

(a )  Concluded. 

Figure 19.- Concluded. 

! 

. _ I  

I 

I 

I 
NACA-Lmglq - 2-1-64 - 886 


